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Abstract

Goats are one of the oldest domesticated animal species widely distributed in
the world playing an important role in the food production system in
Sub-Saharan African Region (SSAR). Due to their multiple uses (milk pro-
duction, meat, fiber and hides) and adaptation aptitudes to ecological condi-
tions, goats produce and contribute positively to farmers’ socio-economy
status in various production systems. This review aimed at giving a summary
overview on the goat’s production systems characteristics, the genetic diver-
sity and the candidate genes affecting reproductive and milk production per-
formances in goat breeds in SSAR. It has been observed that traditional lives-
tock production system with communal grazing system is the most used in
goat keeping in SSAR. The geographical locations play an important role in
the relationships between goat’s distributions in the region. At the same time,
goats might have been differentiated and isolated one to others due to the
wide geographic range, the diversify climate and the topography in the re-
gion. Among the six worldwide known haplogroups of goat (A, B, C, D, G
and F), haplogroup A is the most representative in SSAR. However, haplo-
group G and B can be found in some goat populations in some countries in
east (Kenya and Ethiopia) and south parts of Africa. This review reveals that
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little is known on the candidate genes associated with prolificacy and milk
production traits in indigenous goat breeds in the region. That observation
suggests the importance of assessing candidate genes associated with eco-
nomic traits in the populations of goat in SSAR.
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1. Introduction

Goats are among the first domesticated animals; they are largely distributed
around the world playing a major role in food production systems in many de-
veloping countries [1] contributing significantly to household income [2]. Goats
are appreciated by farmers and consumers due to their multiple uses (milk pro-
duction, meat, fiber and hides) and adaptation aptitudes. However, in many
parts of the world, they are exploited without proper knowledge on their genetic
diversity and without genetic improvement programs necessarily being estab-
lished [3]. The investigation of genetic diversity at molecular level has been
proposed as a valuable complement and sometimes proxy to phenotypic diversi-
ty of local breeds and is presently considered as one of the Food and Agricultural
Organization’s priorities for breed characterization [4].

Genetic diversity is considered to affect species’ and populations’ sustainabili-
ty in long term. Its determination constitutes an important accomplishment of
conservation preferences as soon as the important management programs are
required to maintain genetic diversity in livestock species. These programs
should focus on the comprehensive of the information regarding the production
systems, the populations’ structure which includes different genetic sources di-
versity within and among breeds [5]. Therefore, molecular characterization
based on different methods and molecular markers are most used to determine
animal genetic diversity. Markers such as microsatellites DNA (SSRs) for the
genetic variability studies and evolutionary relationships of closely related popu-
lations have been developed according to the important level of polymorphism,
random repartition across all the genomes, the neutrality with consideration to
selection [6].

At the second kidding, litter size is often a precious indicator to discover
whether a goat is fecund. However, it seems like a crucial and complex economic
character within the goat industry [7] [8] [9] [10]. The number of kids per parity
seems to be under the control of different genes and factors [11] and cannot be
increased with traditional selection methods due to low heritability.

Therefore, identification of genetic markers linked to loci responsible for pro-
lificacy would be useful in selection. As the major genes associated with repro-
duction and milk production performances have been identified and provided,

they can contribute to the animal improvement program considering mark-
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er-assisted selection (MAS).

Information on reproduction systems of goat including reproductive charac-
teristics of some goats breeds in Africa have been given [12] in a review paper
but this information becomes old and should be updated. This review aims to
give an overview on the production system, the genetic diversity and the signa-
tures of selection or candidate genes associated with prolificacy and milk pro-

duction in indigenous goat populations in Sub-Saharan African Region (SSAR).

2. Origin and Domestication of Goats

The domestic goat (Capra hircus) is generally considered to have been first do-
mesticated from the wild bezoar goat (Capra aegragrus) somewhere in the Fer-
tile Crescent of the Near East some 10.000 - 11.000 years ago. Ever since that
time, goats have fulfilled a vital economic, cultural and religious role in many
human civilizations. A collaborative research effort that integrates genetics and
archaeology has vastly expanded the ability not only to detect the context, loca-
tions and timing of initial goat domestication but also to trace the migratory tra-
jectories used by humans to spread this farm animal worldwide [13].

Many divergences were observed on the origin of goat according to research
conducted by different authors. Following a district lineage 3 and a divergent li-
neage 3 founded in Slovenia and in Switzerland, three regions including Carpa-
thian Mountain, Balkans of Romania and Southern France have been considered
in contrast as the different origin of goats [14] [15] [16]. Therefore, [17] sug-
gested that Levant and Mehrgarh should be two ancient centers for goat domes-
tication. The DNA analysis of the ancient goat from Inner Mongolia region was
genetically closed to modern Chinese goats suggesting China as possible domes-
tication center specifically for sub-haplogroups Bl and B2 [18]. According to the
findings on the mitochondrial DNA based on the hypervariable (HVI) region of
ancient goat, the Central Zagros seems to possibly play an important role in Ca-
pra hircus domestication [19].

The goats (Capra hircus) which have been firstly domesticated for meat pro-
duction are one of the oldest domesticated animal species and probably the first

ruminant after domestication of wolf [20].

3. Production Systems of Goats in SSAR

Goat production in general contributes largely to livelihoods of low- and me-
dium-income farmers in Sub-Saharan African countries (tropics, dry areas) [21].

In these areas, farming systems have evolved to cope with the formidable con-
straints imposed by harsh natural and economic conditions by adapting inte-
grated crop/livestock production strategies. Due to its almost exclusive extensive
nature, goat production relies mainly on grazing on communal lands hardly
providing the minimum nutrient requirements in Asia, Africa and Latin Ameri-
ca, due to overstocking and degradation. Special strategies for breeding should

be understood for the promotion of the conservation and improvement of adap-
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tability, water use efficiency and suitability under harsh climatic conditions
thought the production systems are becoming semi-intensive [22]. Two types of
production systems including modern and traditional livestock production sys-
tems have been distinguished in Sub-Saharan African countries based on factors
of production. Goats as other ruminants are kept in both. Therefore, modern
systems compared to traditional systems considered as the familial production
system, require a large capital and employ substantial amounts of hired labor
[22]. It was demonstrated in Sub-Saharan African zone that generally; tradition-
al livestock systems were far more prevalent than modern systems [23]. Howev-
er, this production system is characterized by high mortality risks, especially for
kids (27.4% in arid area and 33.1% in semi-arid area) [24].

In west Africa region, traditional keeping system based on natural rangeland
use as feed resources and free roaming is the most common system in the re-
gions employed for goats raising [25]. Different goat breeds populations found
in this region were characterized by long leg and were mainly raised for meat,
skin and milk production. In Nigeria and Niger, Red Sokoto goat breed also
known as Maradi goat was used for the good quality of its skin [26]. Some exotic
breeds such as Alpine (Benin), Anglo-Nubian, Toggenburg, Boer, Saanen (in
Nigeria) and Majorera goat (Senegal) have been reported to be kept in West
Africa Region under the traditional livestock system [27] [28].

The elevated temperature encounters in some Sub-Saharan African countries
constitute a serious problem in goat keeping while the observed heat stress caus-
es significant changes on behavioral, physiological and blood parameters via a
reducing of feed intake, increasing of water consumption leading to weight loss
[29] [30] [31]. The feeding system in West Africa countries based on the natural
pastures, kitchen residues exposes animals to diseases that causes some impor-
tant losses of the high reproductive performance [28]. In Southern African, far-
mers largely use the village goat management system [32].

Disease, parasite prevalence, limited forage availability, poor marketing man-
agement and low levels of management are one of the major constraints affect-
ing goat productivity [32]. Reproductive and growth performance are influenced
by the climates characteristics, production systems and goat breed raised in SSA
region.

The level of goat reproduction performance depends on the interaction of ge-
netic potential, environment and management [12]. The mean age at the first
kidding which indicates the time of puberty was related to the environmental
and genetic factor [12]. [33] demonstrated that the age of goat at the first kid-
ding was 17.5, 15.5, 13.5 and 14.5 months respectively in semi-arid, sub-humid,
humid and highland zone. In the Democratic Republic of Congo (Banza Ngungu
district) goat has its adult body weight at the age of one year considered as the
age for the first service. However, the buck attains the sexual maturity at five or
six months. Three kidding were observed in two years and the multiple kidding
depended on the rank of the litter [34]. Twins kidding were usually observed at
the second kidding and the triplet at the sixth kidding with the probability of
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6.8% on total number of the plain female. The gestation length of about 146 days
with a reported range between 143 and 153 days was observed in goat popula-
tions in SSA [12]. In DR Congo, this period was for about 145 to 150 days [34].
Gestation periods of 141.3 + 4.6, 143.5 + 3.2 and 146.2 * 2.7 days were reported
in West African Draft Goat [35].

The weight of matures (kg) does was found to be 29.7, 26.6, 25, 31.8 respec-
tively in semi-arid, sub-humid, humid and highland zones in Sub-Saharan Afri-
can region and 30.4, 29.2, 30.0 and 30.0 kg of body weight for matures bucks for

the same zone respectively [23].

4. Genetic Diversity of Goats in SSAR

The genetic diversity characterization is essential for conservation strategy as
well as for genetic improvement [36]. The genetic diversity characterization re-
quires knowledge of genetic variation that can be affectively measured within
and between populations. In principle, the genetic diversity can be measured
based on polymorphism occurring at different levels: morphological, biochemi-
cal, cellular and DNA level [37]. Therefore, the investigation of genetic diversity
at molecular level has been proposed as a valuable complement and sometimes
proxy to phenotypic diversity of local breeds and is presently considered as one
of the Food and Agriculture Organization’s priorities for breed characterization.

The evolution of molecular biology has provided tools to determine the ge-
netic diversity within and between animals, crops or microorganisms. Molecular
markers are considered as one of the several powerful tools for the genomic
analysis and permit the connection between hereditary traits and genomic varia-
tion. Single Nucleotide Polymorphisms (SNPs) and Simple Sequence Repeats
(SSRs) or microsatellites are the most common type of DNA markers that have
emerged to reveal the genetic diversity either for goat or other species [38] [39].

However, other markers have been used to study the genetic diversity of goat
in different goat production systems around the world. Some of these molecular
markers are Restriction fragment length polymorphism (RFLP) [40], Random
amplification of polymorphic DNAs (RAPD) [41], Amplified fragment length
polymorphisms (AFLP) [42].

The detection of signatures of selection has the potential to elucidate the iden-
tities of genes and mutations associated with phenotypic traits important for li-
vestock species. It is also very relevant to investigate the levels of genetic diversi-
ty of a population, as genetic diversity represents the raw material essential for
breeding and has practical implications for implementation of genomic selec-
tion.

Since goats are playing an important economic source of incomes (meat, milk,
fiber, job) in developing countries including SSA countries, studying and main-
taining of its genetic diversity in adaptive agro-ecological zones is very impor-
tant.

Goat breeds from South-Saharan African zone were suggested to be divided
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into five major types [43] and the relationships between them could depend on
the geographical locations. Due to the wide geographic, the diversify climate and
the topography of the region, goats in SSA might have been isolated and affected
by the natural pressure that could lead to their genetic differentiation [44] [45].

The genetic characterization of indigenous goats in Sub-Saharan African zone,
including goats from eastern Africa (Maasai, Kigezi, Mubende, North West
Highland, Arsi-Bale), southern Africa (Ndebele, Pafuri) and West Africa (West
African Dwarf, Maure, Djallonke) using microsatellites markers revealed a huge
variability within and between these populations [44]. Microsatellites markers
revealed a genetic variability within the native goats in Cameroon according to
agro-climatic patterns and husbandry systems [46]. A genetic variability indi-
cated by the high minor number of alleles (MNA) and the expected heterozygos-
ity recorded (He) was observed in indigenous goat populations from Nigeria
[47]. High genetic variability was observed in Small East Africa goat breed in
Tanzania which implies a good score for their further improvement through se-
lection within populations [48]. The analysis of the genetic diversity and phylo-
genetic structure in Mahabali goat population by mtDNA d-loop sequences re-
vealed a total of six different monophylelic mtDNA haplogroups A, B, C, D, F
and G with the haplogroup A representing >90% of individuals [49]. Similar re-
sult was obtained by [50] suggesting that the highest proportion of the current
studied domestic goat (90%) based on mtDNA, belongs to haplogroup A which
could not have changed dramatically in the expanding goat population since
domestication could have dispersed more successfully, more often and more ex-
tensively than other domestic animals [14] [20].

The analysis of mtDNA and 50K SNP chip panel revealed a high level of ge-
netic diversity, reported that only two (A and G) (Table 1) from six haplogroups
globally identified were from Ethiopia and were compatible with observed hap-
logroups in Egyptian and Saudi Arabi goat populations suggesting common ma-

ternal history and the introduction of goats into East African and the Arabian

Table 1. Goat’s haplogroups in some Sub-Saharan African goat populations.

Country Number of populations Haplogroup Author
Ethiopia 13 Aand G [51]
Egypt 26 Aand G [15] [51]
Nigeria 12 A [15] [51]
Namibia 4 A [51]
Zimbabwe 4 A [15] [51]
Mozambique 8 A [15] [51]
Senegal 3 A [15]
Tunisia 6 A [15]
Libya 1 A [51]
Algeria 3 A [15]
Morocco 6 A [15] [51]
South Kivu/DRC 1 Aand B [52]
Kenya 58 Aand G [53]
Cameroon 2 A [54]
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Peninsula, respectively [51]. Goat from South Kivu in the eastern part of DRC
was found to belong to the Haplogroup A and B [52] (Table 1).

5. Candidate Genes Associated with Economic Traits in Goat

To remain more important and contribute to the economy of farmers’ households,
goats should present more productive traits in terms of prolificacy, milk produc-
tion, disease resistance, adaptability and other traits regarding their productivity.
Improvement of goats in order to maintain and to boost expression of important
traits needs a large knowledge on them [55]. For more African countries, goats
are perceived to be a less risky to invest in compared to other species like sheep
(56].

Accordingly, different studies have been conducted to identify genes associated
with important traits either in goat or in other species. The functions of these
genes are different once one of them has synergistic or antagonistic effects in
nature for expression of phenotypic traits [55]. Different molecular biology
techniques using molecular markers were used to investigate or to assess genes
across goat’s genome (whole genome sequencing or on a particular sequence
across the genome); The whole genome was analyzed using 50K SNP chip to
identify regions harboring genes associated with major traits and to determine
the genetic diversity and the relationship within and between indigenous goat
breeds [57].

A total of 271 candidate genes were detected in goats [55]. However, compre-
hensive investigations have been carried out on the polymorphism of some
genes, involved in the control of economic traits included prolificacy or liter size,

milk production, disease resistance, growth and fiber quality [58] [59] [60] [61].

6. Candidate Genes Associated with Prolificacy in Goats in
SSAR

Many years have gone since research have been conducted by people with big
interest to identify major or candidate genes associated with litter size in differ-
ent goat populations. Many authors suggested the prolific particularities to be
controlled by different genes in goat breeds [59] [60] [61], in sheep breeds [62]
[63], and in cattle breeds [64]. Most of these genes were found in human ge-
nome, in cattle, in sheep and were suggested to induce defects in folliculogenesis
and to be associated with prolificacy [65] (Table 2). In recent years, 4 natural
genetic mutations have been identified and have been associated with ovulation
rate in sheep breeds. Natural genetic mutations including one mutation (FecGH)
in the Growth Differentiation Factor 9 gene (GDF 9), five different natural ge-
netic mutations (FecXG, FecXB, FecXI, FecXH, FecXL) in the Bone Morphoge-
netic Protein 15 gene (BMP 15) and one natural genetic mutation (FecB) in the
Bone Morphogenetic Protein Receptor type 1B gene (BMPR 1B) were investi-
gated to detect the probably association with goat prolificacy [66]. Within the

Indian goat breeds Black-Bengal; [67] revealed that a non-synonymous Single
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Table 2. Candidate genes and associated economic traits.

Associated

Candidate genes economic traits Author

Bone morphogenetic proteinl5 (BMP 15) Prolificacy [59]-[71]

Bone morphogenetic protein receptor type-1B (BMPR 1B) Prolificacy [59]-[71]

Growth differentiation factor-9 (GDF 9) Prolificacy [59]-[71]
DiacylGlycerol AcylTransferase protein 1 (DGAT 1) High milk yield [69] [73] [74]

Signal Transducer and Activator of Transcription 5A (STAT 5A) High milk yield [69] [73] [74]

Nucleotide Polymorphism G1534A mutation in exon 2 of bone morphogenetic
protein 4 was allied to variations seen in fecundity. Similarly, 2 homozygous
SNPs (g.173057T>C, g. 151435C>T) in exon 2 and the 3’ untranslated region of
prolactin receptor genes were discovered to be highly associated with prolificacy
in Boer goat and Guanzhong breeds [68]. In the heterozygotes goats, high mu-
tants of ovulation rates were detected in Bone Morphogenetic Protein 15 (BMP
15) whereas in the homozygous goats, mutants showed a failure of a primary
ovarian rising in complete infertility [69] [70] [71].

In Sub-Saharan African region, studies were focused generally to evaluate re-
productive performances of goat but not with an attention neither on the as-
sessment of signatures of selection nor on candidate genes that can be in associ-
ation with litter size or prolificacy. However, in Cameroon, it was mentioned
that the genetic factors controlling twinning, triplet and quadruplet were related

to the mutations in the Booroola gene and probably in GDF9 gene.

7. Candidate Genes Associated with Milk Production in
Goats in SSAR

In 2010, results from several researchers show that India, Bangladesh, Sudan,
Pakistan, France and Spain produced the higher levels of goat milk production,
with 62.2% of the goat milk produced in the World. In Asia and Africa, the most
of this produced goat milk is directly used for self-consumption, in Europe and
Latino America minor quantity (proportion) is marketed as fresh liquid milk or
transformed into candies or cheeses [72].

Milk production characters are more important in livestock production and
for the economy and it’s largely affected by a combination of factors namely;
genetic make-up in terms of the use of improved breeds selected for milk pro-
duction, a favorable nutritional environment and improved managerial practic-
es. Milk can be evaluated for its safety, constituent contents, technological and
organoleptic characteristics, nutritional, and functional properties. All these
features are, to different extents, under genetic control [73] which may or may
not be transferred to the offspring. The frequency and the polymorphism of two
genes including DiacylGlycerol AcylTransferasel (DGAT1) and Signal Transduc-
ers and Activators of Transcription type 5A (STAT 5A) were detected in associa-

tion with goat milk production using molecular markers such as PCR-RFLP,

DOI: 10.4236/0jas.2020.104048

742 Open Journal of Animal Sciences


https://doi.org/10.4236/ojas.2020.104048

S. P. Baenyi et al.

PCR-SSCP and DNA sequencing (Table 2). Two probably natural mutations
C1C1C3T3 and C1C2C3T3 were respectively detected in DGAT1 and STAT 5A
and were reported to be in association with high milk production within two
Chinese goat populations [69].

[74] assessed the genetic polymorphism and the association with milk pro-
duction of kappa-casein gene in indigenous goat populations from five Eastern
African countries including Kenya, Tanzania, Ethiopia, Sudan and Somalia. He
demonstrated that among nine-point mutations corresponding to nine haplo-
types identified in the exon 4 of kappa casein gene that only one haplotype
(CSN3*B) occurred at a rather high frequency (0.750 to 0.953). Therefore, any of
these nine points mutations in kappa casein gene could be associated with milk
yield in indigenous Eastern Africa goat populations. According to these findings,
there still a gap on the knowledge of signatures of selection or genomic regions

associated with milk production trait in indigenous goats from SSAR.

8. Conclusion

Goats in SSAR are mostly raised in the traditional system. However little infor-
mation regarding the signatures of selection or candidate genes associated with
prolificacy and milk production within goat populations from many Sub-Saharan
African countries is unknown. Agroecological zones have a great impact on the
genetic variability among and between goat populations in Sub-Saharan African
region suggesting that the genetic variability among and within them was deter-
mined by a wide geographic, the diversify climate and the topography. Within
the six known worldwide goat’s haplogroups, haplogroups A, B and G with the
predominance of haplogroup A were found in goat population in SSAR. Differ-
ent genes in association with prolificacy (GDF 9, BMP 15, BMPR 1B), and milk
production (DGATI, STAT 5A) were found in goat breeds in Europe, Asia and

in America yet not assessed in Sub-Saharan Africa goat breeds.
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